Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2002-047976 
(43)Date of publication of application : 15.02.2002 



(51)lnt.CI. 




F02D 41/06 
F02D 41/38 
F02D 45/00 






(21) Application number 

(22) Date of filing : 


: 2000-233814 
02.08.2000 


(71) Applicant : 

(72) Inventor : 


NISSAN MOTOR CO LTD 
OGAWA HIROSHI 





(54) FUEL INJECTION CONTROLLER OF DIESEL ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To optimize injection 
start time of pilot injection and improve the ignition 
property when a diesel engine is started at a low 
temperature. 

SOLUTION: A small amount of fuel is injected as pilot 
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operation condition of the engine. Although gas | 
temperature in a cylinder rises in accordance with a 
crank angle in a compression process, the gas 
temperature in the cylinder is reduced on the whole if, 
for example, the number of cranking revolutions is 
small. Crank angles (CAA, CAB) at which the gas 
temperature in the cylinder reaches a predetermined 
temperature Th are calculated based on a suction air 

temperature, and the time when the gas temperature in the cylinder exceeds the 
predetermined temperature Th is set as injection start time of pilot injection. By setting the 
predetermined temperature Th close to a low temperature oxidation reaction start 
temperature of fuel, the injected fuel is securely ignited and satisfactory ignition property 
and low temperature start property are obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dam ages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The combustion injection control unit of the diesel power plant characterized by having 
the fuel-injection means which can perform pilot injection before the main injection of a fuel 
according to operational status, and a pilot fuel-injection-timing setting means to set up the injection 
initiation stage of the above-mentioned pilot injection at the stage when the gas temperature in a 
cylinder in a cycle turns into beyond predetermined temperature. 

[Claim 2] The above-mentioned pilot fuel-injection-timing setting means is the fuel-injection control 
unit of the diesel power plant according to claim 1 characterized by setting up the injection initiation 
stage of the above-mentioned pilot injection at the stage when the gas temperature in a cylinder in a 
cycle turns into beyond predetermined temperature when engine cooling water temperature is below 
predetermined water temperature. 

[Claim 3] The above-mentioned pilot fuel-injection- timing setting means is the fuel-injection control 
unit of the diesel power plant according to claim 1 characterized by setting up the injection initiation 
stage of the above-mentioned pilot injection at the stage when the gas temperature in a cylinder in a 
cycle turns into beyond predetermined temperature at the time of engine starting. 
[Claim 4] The above-mentioned pilot fuel-injection-timing setting means is the fuel-injection control 
unit of the diesel power plant according to claim 1 to 3 characterized by carrying out slight amount 
tooth-lead-angle amendment of the injection initiation stage of pilot injection when the fuel injection 
pressure of the above-mentioned fuel-injection means is low. 

[Claim 5] The above-mentioned pilot fuel-injection-timing setting means is the fuel-injection control 
unit of the diesel power plant according to claim 1 to 4 characterized by carrying out slight amount 
tooth-lead-angle amendment of the injection initiation stage of pilot injection when an engine speed 
is high. 

[Claim 6] The above-mentioned predetermined temperature is the fuel-injection control unit of the 
diesel power plant according to claim 1 to 5 characterized by the pyrolysis of a fuel being the 
temperature near [ which is generated first ] temperature. 

[Claim 7] The above-mentioned gas temperature in a cylinder is the fuel-injection control unit of the 
diesel power plant according to claim 1 to 6 characterized by being computed based on a degree type 

(1). 

T=PV/(MallxR) -- (1) 

However, the gas temperature in Txylinder, the cylinder internal pressure called for from the mean- 
specific-heat ratio of P:gas, the cylinder content volume which changes according to Vxrank angle, 
the number of mols of the whole gas in a cylinder which becomes settled from the conditions of 
Mall:inhalation of air, R: Gas constant. 

[Claim 8] The fuel-injection control unit of the diesel power plant according to claim 1 to 7 
characterized by applying a compression ratio to 16 or less low compression ratio engine. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of the fuel-injection control unit of a 
diesel power plant, and the fuel-injection control unit which injected the little fuel as pilot injection 
in advance of the main injection especially. 
[0002] 

[Description of the Prior Art] In the diesel power plant, the approach of injecting a little fuel as the 
so-called pilot injection in advance of the main injection for reduction of a combustion noise or 
control of NOx is learned from the former. 

[0003] And in order to optimize fuel injection timing of this pilot injection, carrying out the tooth 
lead angle of the pilot fuel injection timing in consideration of whenever [ cylinder internal 
temperature ] during engine warming up is indicated by JP,1 1-294228, A. While detecting for 
example, cooling water temperature as engine temperature, specifically, pilot fuel injection timing is 
controlled to detect an OAT, and to make the amount of tooth lead angles of pilot fuel injection 
timing to the stage of the main injection into size, so that the temperature differential which 
subtracted the OAT from engine temperature is small. That is, he is trying to obtain pilot fuel 
injection timing more appropriately compared with what only controls the amount of tooth lead 
angles of pilot fuel injection timing only from water temperature by controlling based on the above- 
mentioned temperature differential since latter one of white smoke will decrease even if water 
temperature and an OAT are in agreement immediately after starting, and water temperature has 
become higher in the middle of warming up than an OAT and it is the same water temperature. 
[0004] 

[Problem(s) to be Solved by the Invention] However, between whenever [ engine-coolant water 
temperature and engine cylinder internal temperature ], gross errors are comparatively, and it is not 
completely in agreement. That is, since cooling water temperature changes after whenever [ cylinder 
internal temperature ] changes and the temperature of a cylinder wall changes, change of cooling 
water temperature is overdue as compared with change of the gas temperature in a cylinder. And as 
for this error, the time when a temperature-change rate is larger serves as size like [ under the time of 
starting or warming up ] especially. For example, the error at the time of starting and departing soon 
becomes large as compared with the error at the time of performing warming up gently by the idle 
state. 

[0005] Moreover, it is not what paid its attention to an actual gas temperature in a cylinder which 
grasps whenever [ cylinder internal temperature ] as average temperature accompanying advance of 
warming up, and changes with the above-mentioned conventional technique according to the crank 
angle in a cycle. 

[0006] Therefore, like above-mentioned before, when the initiation stage of pilot injection is 
determined based on the temperature differential of engine-coolant water temperature and an OAT, it 
may not necessarily restrict that the optimal stage has come, but ignitionability may get worse. 
[0007] Moreover, if time amount (evaporation time amount) for the fuel injected by that a 
compression ratio is small by the drop since [ that cylinder internal pressure was low ] the gas 
temperature in a cylinder was low to evaporate is not made to increase when applying to an engine 
with a small compression ratio, the ignitionability of pilot injection will worsen. Although the 
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method of generally securing evaporation time amount by setting forward the initiation stage of 
injection is taken Since the gas temperature in a cylinder in the time becomes low so that an 
initiation stage is brought forward, If an initiation stage is brought forward too much, while 
becoming lower than temperature (temperature which a pyrolysis generates first) required for the gas 
temperature in a cylinder to evaporate, being in the condition in which the evaporation of a fuel itself 
is impossible and ignitionability f s worsening, it is possible to be discharged as HC before it happens 
with a drop, without burning. 

[0008] The purpose of this invention is in the place which controls discharge of HC before it 

happens while improving the ignitionability of pilot injection. 

[0009] 

[Means for Solving the Problem] The fuel-injection control unit of the diesel power plant concerning 
claim 1 is characterized by having the fuel-injection means which can perform pilot injection before 
the main injection of a fuel according to operational status, and a pilot fuel-injection-timing setting 
means to set up the injection initiation stage of the above-mentioned pilot injection at the stage when 
the gas temperature in a cylinder in a cycle turns into beyond predetermined temperature. 
[0010] That is, although the gas in a cylinder follows on being compressed in a compression stroke 
and the gas temperature in a cylinder rises, the temperature is changed according to many factors, 
such as an engine speed and an intake-air temperature. In invention of claim 1, pilot injection is 
performed in the crank angle from which the gas temperature in this cylinder that changes serially 
turns into beyond predetermined temperature. Therefore, the injected pilot fuel will result in ignition 
combustion certainly, and will carry out ignition combustion of the fuel of the consecutive main 
injection good. 

[001 1] In addition, although the gas temperature in a cylinder may be detected directly natural, 
generally it is presumed from other engine parameters, such as an intake-air temperature, and an 
engine speed, inspired air volume. 

[0012] In invention of claim 2 which materialized invention of claim 1 more, the above-mentioned 
pilot fuel-injection-timing setting means sets up the injection initiation stage of the above-mentioned 
pilot injection at the stage when the gas temperature in a cylinder in a cycle turns into beyond 
predetermined temperature, when engine cooling water temperature is below predetermined water 
temperature. 

[0013] That is, at the time between the colds, if the gas temperature in a cylinder falls as a whole and 
does not set up the injection initiation stage of pilot injection appropriately, it will be easy to produce 
the increment in a discharge unburnt [ HC ], and a flame failure. In this invention, since pilot 
injection is performed in the crank angle from which the gas temperature in a cylinder turns into 
beyond predetermined temperature also such at the time between the colds, a pilot fuel carries out 
ignition combustion certainly. 

[0014] In invention of claim 3 which materialized invention of claim 1 more, the above-mentioned 
pilot fiiel-injection-timing setting means sets up the injection initiation stage of the above-mentioned 
pilot injection at the stage when the gas temperature in a cylinder in a cycle turns into beyond 
predetermined temperature at the time of engine starting. 

[0015] Under the low engine speed by cranking, although the gas temperature in a cylinder falls as a 
whole too, since pilot injection is performed also on such conditions in the crank angle from which 
the gas temperature in a cylinder turns into beyond predetermined temperature, it results in ignition 
combustion certainly and good startability is obtained by this invention. 

[0016] Moreover, it is characterized by invention of claim 4 carrying out slight amount tooth-lead- 
angle amendment of the injection initiation stage of pilot injection when the above-mentioned pilot 
fuel-injection-timing setting means has the low fuel injection pressure of the above-mentioned fuel- 
injection means. 

[0017] If fuel injection pressure is falling, extent of the atomization of the fuel spray will get worse 
and the ignition delay of the injected pilot fuel will serve as size. On the other hand, if the tooth lead 
angle of the injection initiation stage of pilot injection is usually carried out more slightly than the 
time, the ignition delay by the lack of atomization will be compensated, and it will result [ at a 
suitable stage ] certainly at ignition combustion. In addition, the gas temperature in a cylinder in the 
crank angle when carrying out a tooth lead angle in this way also needs to be beyond predetermined 
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temperature. 

[0018] Moreover, it is characterized by invention of claim 5 carrying out slight amount tooth-lead- 
angle amendment of the injection initiation stage of pilot injection when the above-mentioned pilot 
fuel-injection-timing setting means has a high engine speed. 

[0019] The real time will become short if an engine speed goes up. On the other hand, if the tooth 
lead angle of the injection initiation stage of pilot injection is carried out more slightly than the time 
of low rotation, the delay of the atomization by compaction of the real time or evaporation will be 
compensated, and it will result [ at a suitable stage ] certainly at ignition combustion. In addition, the 
gas temperature in a cylinder in the crank angle when carrying out a tooth lead angle in this way also 
needs to be beyond predetermined temperature. 

[0020] As the above-mentioned predetermined temperature, it is desirable like claim 6 for the 
pyrolysis of a fuel to be the temperature, i.e., the temperature near low-temperature-oxidation 
threshold reaction temperature, generated first. If an actual gas temperature in a cylinder when pilot 
injection is performed is more than low-temperature-oxidation threshold reaction temperature in this 
way, after the pyrolysis of a fuel occurs, an ignition reaction will advance certainly. Ignition of a fuel 
is not performed below at this temperature. 

[0021] Moreover, in invention of claim 7, the above-mentioned gas temperature in a cylinder is 
computed based on a degree type (1). 
[0022] T=PV/(MallxR) - (1) 

However, the gas temperature in Txylinder, the cylinder internal pressure called for from the mean- 
specific-heat ratio of P:gas, the cylinder content volume which changes according to Vxrank angle, 
the number of mols of the whole gas in a cylinder which becomes settled from the conditions of 
Malliinhalation of air, R: Gas constant. 

[0023] Thus, by computing the gas temperature in a cylinder from the equation of state of gas, the 
gas temperature in a cylinder in the injection initiation stage of pilot injection is certainly 
maintainable to desired temperature compared with the case where conditions are presumed 
whenever [ cylinder internal temperature ] from cooling water temperature etc. 
[0024] Moreover, a compression ratio is suitable for this invention in 16 or less low compression 
ratio engine like claim 8. Although the gas temperature in a cylinder generally becomes low with 
such a low compression ratio engine, good ignitionability is securable by making the injection 
initiation stage of pilot injection suitable. 
[0025] 

[Effect of the Invention] Since pilot injection is performed at the stage when an engine gas 
temperature in a cylinder turns into more than a predetermined gas temperature according to this 
invention, it is possible to be able to make ignition after pilot injection ensure and to obtain certainly 
improvement in the ignitionability which is the main effectiveness of pilot injection. 
[0026] Since pilot injection is especially performed at the stage when the gas temperature in a 
cylinder turns into beyond predetermined temperature according to invention of claim 2 when engine 
cooling water temperature is below predetermined water temperature, it is possible to be able to 
make ignition after pilot injection ensure at the time of the cold machine with which an engine gas 
temperature in a cylinder falls on the whole, and to obtain certainly improvement in the 
ignitionability which is the main effectiveness of pilot injection. 

[0027] Moreover, according to invention of claim 3, at the time of engine starting, since a pilot 
injection initiation stage is controlled similarly, also under the conditions of the low rotational 
frequency at the time of engine starting, ignition after pilot injection can be made to ensure and 
startability improves. 

[0028] Furthermore, according to invention of claim 4, it is possible by being able to compensate the 
lack of atomization of the fuel spray when fuel injection pressure is falling, and making ignition after 
pilot injection ensure to obtain certainly improvement in the ignitionability which is the main 
effectiveness of pilot injection. 

[0029] Similarly, according to invention of claim 5, it is possible by being able to compensate lack 
of the atomization of the fuel spray after the pilot injection accompanying compaction of the real 
time when an engine speed goes up, and evaporation, and making ignition after pilot injection ensure 
to obtain certainly improvement in the ignitionability which is the main effectiveness of pilot 
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injection. 

[0030] And since the pyrolysis of a fuel is obtained highly, the temperature, i.e., the oxidation 
threshold reaction temperature, generated first, the gas temperature in a cylinder in the case of pilot 
injection can make the ignition reaction of the fuel after pilot injection much more ensure according 
to invention of claim 6. 

[0031] Moreover, since the engine gas temperature in a cylinder itself is [ according to invention of 
claim 7 ] computable from cooling water temperature etc. unlike what presumes conditions 
whenever [ engine cylinder internal temperature ], the injection initiation stage of pilot injection can 
be determined appropriately, and ignitionability improves. 

[0032] Moreover, according to invention of claim 8, the gas temperature in a cylinder is able to 
acquire good ignitionability also in a low compression ratio engine low on the whole. 
[0033] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable implementation of this invention is 
explained to a detail based on a drawing. 

[0034] Drawing 1 shows the overall configuration of the fuel-injection control unit of the diesel 
power plant concerning this invention. Based on this drawing, an engine 1 and its fuel-supply system 
are explained first. 

[0035] The engine 1 is equipped with the fuel feed pump 2 outside, and a fuel is fed by the 
reciprocating motion of the plunger which this fuel feed pump 2 interior does not illustrate. A fuel is 
introduced into the above-mentioned fuel feed pump 2 through the inhalation path 4 from a fuel tank 
3, and where a pressure up is carried out to an accumulator 6 through the regurgitation path 5, it is in 
arrears with the fed fuel. 

[0036] The effective-stroke control valve 7 which controls the effective stroke of a plunger is 
formed, when the effective-stroke control valve 7 opens in the above-mentioned fuel feed pump 2 in 
the compression stroke of a plunger, feeding of a fuel is started from from by it, and according to 
this, the discharge quantity of a fuel feed pump 2 is determined as it. Moreover, the above-mentioned 
accumulator 6 is equipped with the pressure sensor 8 which detects the fuel pressure in an 
accumulator 6. The high-pressure fuel of the above-mentioned accumulator 6 is supplied to the fuel 
injection nozzle 10 of each gas column via the supply path 9, and is injected from the tip of this fuel 
injection nozzle 10 by the combustion chamber which consists of a cavity 12 formed in piston 1 1 top 
face in an engine 1, and a cylinder 13. 

[0037] The fuel pressure in the above-mentioned accumulator 6 is controlled by the control unit 14. 
According to the fuel pressure in the accumulator 6 detected by the pressure sensor 8, the closing 
motion stage of the effective-stroke control valve 7 is controlled by the control signal from a control 
unit 14, and, specifically, the discharge quantity of a fuel feed pump 2 is determined. The above- 
mentioned effective-stroke control valve 7 is opened like the expansion line of the plunger in the 
above-mentioned fuel feed pump 2, and the discharge quantity of a fuel is changed by closing 
between required strokes in the compression stroke which carries out the regurgitation of the fuel. 
That is, when the fuel pressure in an accumulator 6 is lower than a predetermined value, by enlarging 
the amount of effective strokes, the pressure up of the fuel pressure is carried out, and when a 
pressure is conversely high, fuel pressure is decompressed by making the amount of effective strokes 
small. 

[0038] the crank angle sensor 16 which detects whenever [ gas column distinction sensor / for gas 
column distinction of an engine 1/15, engine-speed, and crank angle ] in the above-mentioned 
control unit 14, and the accelerator opening sensor 17 which detects accelerator opening — since — a 
detecting signal is inputted, respectively. Moreover, it has the inhalation-of-air temperature sensor 
and coolant temperature sensor which are not illustrated, and these detecting signals are also inputted 
into the control unit 14. And a control unit 14 judges a service condition based on such accelerator 
opening Acc, engine-speed Ne, an intake-air temperature Tint, the cooling water temperature Tw, 
etc., and from the operation map set up beforehand, an injection pressure, the injection quantity, and 
the desired value of fuel injection timing are searched, respectively, and it controls the closing 
motion stage of the effective-stroke control valve 7 so that the fuel pressure in an accumulator 6 
serves as desired value, while it sets up the closing motion stage of the control valve in a fuel 
injection nozzle 10 so that it may become this injection quantity and the desired value of fuel 
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injection timing. 

[0039] Furthermore, it is possible by controlling the input signal to the control valve in a fuel 
injection nozzle 10 according to a service condition to divide fuel injection into pilot injection and 
the main injection, and to perform it. This pilot injection is injecting a little fuel beforehand before 
the main injection, and has effectiveness, such as control of the combustion noise by improvement in 
ignitionability, reduction of the NOx discharge by reduction of the amount of initial combustion, and 
reduction of the rate of a pressure buildup. Therefore, for example at the time between the colds, in 
order to mainly aim at improvement in ignitionability, pilot injection is applied and pilot injection is 
applied to control a combustion noise in the time of an inside load etc. 

[0040] Especially, while an OAT falls at the time of starting between the colds between the colds, 
the gas temperature in a cylinder also falls to coincidence because the cooling water temperature Tw 
of an engine 1 falls. Therefore, aggravation of startability will be caused because are easy to produce 
the increment in a discharge unburnt [ HC ] at the time of combustion or a flame failure tends to 
happen. So, when the operational status of an engine 1 is in the condition between the colds based on 
signals, such as the accelerator opening Acc inputted into a control unit 14, engine-speed Ne, and the 
cooling water temperature Tw, or when it is detected that it is in the condition of starting between the 
colds, the control valve in a fuel injection nozzle 10 is controlled in order to perform pilot injection. 
And to the injection quantity of pilot injection and the main injection, fuel injection timing, and a 
pan, an injection pressure is controlled the optimal here at coincidence. 

[0041] When applying pilot injection at the time of starting between the colds between the colds, he 
computes the gas temperature in a cylinder of the combustion chamber which consists of the cavities 
12 and cylinders 13 which were formed in piston 1 1 top face in an engine 1, and is trying to set up 
fuel injection timing of pilot injection especially in this example at the stage (crank angle) when the 
gas temperature in the cylinder which changes serially in connection with a crank angle turns into 
beyond predetermined temperature. 

[0042] The gas temperature in a cylinder in an engine 1 is changed according to many factors, such 
as an engine speed and an intake-air temperature. Drawing 2 shows the change to the crank angle of 
the gas temperature in a cylinder at the time of being the low rotational frequency at which an engine 
speed is equivalent to cranking at the time of starting. When an engine speed is higher 50rpm 
although the gas temperature in a cylinder rises with compression with a piston 1 1 so that it may 
illustrate, as compared with the case of 20rpm of a lower rotational frequency, the gas temperature in 
a cylinder becomes high as a whole, and the compression edge temperature in a top dead center also 
rises. In this example, when it becomes beyond a predetermined value with the gas temperature in a 
cylinder which changes in this way, the injection initiation stage of pilot injection is set up so that 
pilot injection may be performed. In drawing 2 , if predetermined temperature of the gas temperature 
in a cylinder is set to Th, since whenever [ crank angle / until it results in this predetermined 
temperature Th ] will be overdue by 20rpm of a low rotational frequency to the injection initiation 
stage of pilot injection being set as the crank angle CAA which results in this predetermined 
temperature Th in high 50rpm of an engine speed, it is set to CAB which was late for Above CAA 
by the crank angle of the injection initiation stage of pilot injection. 

[0043] On the other hand, when performing such pilot injection, generally fuel injection timing of 
the main injection will be set up near a top dead center or before it from a demand of the point of the 
exhaust air engine performance or the noise oscillating engine performance. However, when the gas 
temperature in a cylinder is low as a whole as mentioned above (in for example, the case of the 
above-mentioned 20rpm), pilot fuel injection timing will approach a top dead center. Spacing deltalT 
of pilot injection and the main injection is restricted by the capacity of the control valve in a fuel 
injection nozzle 10, and serves as 5-10-degreeCA extent by min here. Therefore, when pilot fuel 
injection timing approaches a top dead center with the gas temperature in a cylinder, fuel injection 
timing of the main injection will be amended in consideration of this deltalT. 
[0044] The predetermined value of the gas temperature in a cylinder for determining the injection 
initiation stage of pilot injection here is set up temperature, i.e., near the low-temperature-oxidation 
threshold reaction temperature of a fuel, from which the ignition reaction of a fuel tends to occur. 
This is the temperature of the proper which becomes settled according to the component of a fuel, 
and the pyrolysis of a fuel is the temperature generated first. After the pyrolysis of this fuel occurs, 
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an ignition reaction will advance. That is, ignition of a fuel will be performed below with this low- 
temperature-oxidation threshold reaction temperature. Therefore, after the gas temperature in a 
cylinder of an engine 1 reaches this temperature, by performing pilot injection, it is possible to make 
ignition after pilot injection ensure, and improvement in the exhaust air engine performance by 
improvement in ignitionability and the improvement in startability at the time of engine 1 starting are 
obtained. 

[0045] Next, the control flow performed in the above-mentioned control unit 14 is explained based 
on the flow chart of drawing 3 . First, at step 401, detecting signals, such as engine-speed Ne, the 
accelerator opening Acc, an intake-air temperature Tint, inspired air volume Qa, and the cooling 
water temperature Tw, are read. Although the operational status of an engine 1 is judged from these 
signals, step 402 compares the cooling water temperature Tw detected from the coolant temperature 
sensor, and the predetermined value set up beforehand. When the cooling water temperature Tw is 
lower than a predetermined value, an engine 1 judges that it is in a cold machine condition, and 
progresses to step 403 here. As for this, the same is said of the case at the time of starting in the cold 
machine condition. At step 403, CAP is computed based on the operational status at that time 
whenever [ crank angle / to which the gas temperature in a cylinder of an engine 1 reaches the 
predetermined temperature set up beforehand ]. Next, at step 405, the signal of a pressure sensor 8 
formed in the accumulator 6 detects the fuel pressure Pr in an accumulator 6, and this fuel pressure 
Pr is measured with a predetermined value. When fuel pressure Pr is higher than a predetermined 
value, it progresses to step 407. At step 407, as compared with a predetermined value, an engine 
speed Ne is progressed to step 408, when this engine speed Ne is lower than a predetermined value. 
At step 408, it is set as crank angle CAP which asked for the injection initiation stage of pilot 
injection at step 403, and progresses to step 410. 

[0046] On the other hand, when an engine speed Ne is lower than a predetermined value, it 
progresses to the case where the fuel pressure in an accumulator 6 is lower than a predetermined 
value, at step 406, and it progresses to step 409 at step 407, and it is set as the value, i.e., CAP-delta 
CA, to which only delta CA carried out the tooth lead angle of the setting crank angle of a pilot 
injection initiation stage from Above CAP, and progresses to step 410. 

[0047] At step 410, the fuel injection timing CAM of the main injection is set up in consideration of 
the operational status of an engine 1, and the injection initiation stage (CAP or CAP-delta CA) of 
pilot injection. The control valve in a fuel injection nozzle 10 is controlled by other routines which 
are not illustrated according to these set-up injection initiation stages. 
[0048] Moreover, at step 402, when the cooling water temperature Tw is higher than a 
predetermined value, an engine 1 judges that it is in a warming-up completion condition, progresses 
to step 404, and injection conditions (the injection quantity, fuel injection timing, existence of pilot 
injection) are set up according to the operation map beforehand set up according to the operational 
status of an engine 1 . 

[0049] Here, the calculation approach of CAP is explained whenever [ crank angle / which is 
performed in step 403 ]. 

[0050] Gas-temperature in cylinder T is called for by the equation of state showing in a degree type 
(1). 

[0051] T=PV/(Mall*R) - (1) 

However, Pxylinder internal pressure, the volume in Vxylinder, the Malhtotal number of working- 
medium mols, R: It is a gas constant. 

[0052] Therefore, gas temperature in a cylinder required for ** injection initiation stage (this is more 
highly set up a little from the low-temperature-oxidation threshold reaction temperature mentioned 
above.) Or a fixed safety factor may be applied and computed to low-temperature-oxidation 
threshold reaction temperature. Based on three items of the total number of working medium mols 
called for according to inhalation-of-air conditions, such as the ** intake-air temperature Tint and 
inspired air volume Qa, the cylinder internal pressure computed from enthalpy balance using the 
mean-specific-heat ratio of ** working medium, and **, the volume in the cylinder when reaching 
predetermined temperature is computed from the above-mentioned equation of state (1). And CAP is 
computed whenever [ according to this volume / crank angle ]. Thus, whenever [ crank angle / which 
was searched for ], CAP is whenever [ crank angle / from which the gas temperature in a cylinder 
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turns into predetermined temperature ], and serves as fuel injection timing which should perform 

pilot injection. . 
fo053] In addition, it becomes possible as predetermined temperature of the gas temperature in a 
cylinder to carry out the tooth lead angle of the crank angle at step 409 as mentioned above by 
setting up more highly from the low-temperature-oxidation threshold reaction temperature of a fuel. 
However it is necessary to set deltaCA as the range in which the gas temperature in a cylmder in an 
injection initiation stage is not less than low-temperature-oxidation threshold reaction temperature 
with this tooth-lead-angle amendment. 

r00541 Thus since the injection initiation stage of pilot injection is set up so that whenever [ cranK 
angle / which becomes beyond predetermined temperature with the gas temperature m a cylinder in a 
cycle in this example according to the service condition of an engine 1 ] may be computed and pilot 
injection may be performed in the crank angle, it becomes possible to make ignition after pilot 
injection ensure, and control of a discharge unburnt [ HC ] and improvement in startabihty can be 

ro055moreover, when an injection pressure declines, the fall of the ignitionability by the lack of 
atomization of the fuel spray when an injection pressure declines, i.e., formation of gaseous i mixture, 
being overdue can be compensated with carrying out tooth-lead-angle amendment of the pilot fuel 

ra056]°Even when similarly an engine speed goes up and the real time becomes short, the fall of 
ignitionability can be avoided by carrying out tooth-lead-angle amendment of the pilot fuel injection 

[0057 8 ] Furthermore, in the engine equipped with the good fluctuation valve system which changes 
inspired air volume by changing an inhalation-of-air valve-closing time term, and the engine 
equipped with the adjustable compression ratio device, although the gas temperature in a cylinder 
may change with change of a real compression ratio If whenever [ crank angle / which becomes like 
this example beyond predetermined temperature with the gas temperature in a cylinder ] is computed 
and it is made to perform pilot injection to whenever [ crank angle ], according to change of the gas 
temperature in a cylinder accompanying change of a real compression ratio, it will become possible 
to set up suitable pilot fuel injection timing. 

r0058] Moreover, when it seems that the compression ratio of an engine 1 itself is reduced in order 
to aim at improvement in a horsepower output, according to this example, it becomes possible to 
avoid the fall of startabihty and the increment in an unburnt HC discharge by the gas-temperature 
fall in a cylinder which poses a problem in the time between the colds, or a low-speed low loading 
region. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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fptt^^^i. ®{1»#*©¥^Jt&Jt*m>rx 

±ia«.«^s^ ( i ) ^sstca 20 

3-*£$©1Srt©^»#$^;*ftS. fir. CCDSffl 
tc)£0;fc;>^>i'#SCAP#$*ffl;*ft£. ccjr^tc 
bT*8t)/£i'7>i'ftSCAP*t. lg}rt^Sa*^r>t 

[0053] ftfc. ±12© J: 5 cc, jgirt^xsa©^ 

-r-sct^tet&s. fc/eu aca»> c<omnm 

[0 0 5 4] CCD<fc5K. **J6WC«. x>^>l<D 
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as©«jfw& h o'ccte«rta:©isj±*i§s c t &x 1 5. 

[005 5] «l*ff^{gTl/tJi^{C«. 

•ess. 

[005 6] x>y>0K»#±#?LTI|B$p l 8 

SCit*. #*14©{TF£|5|iST£C£#-C#S. 
[005 7] <*6K. ^^HB&WfcgorrSCtfCj: 

<D%UtK.Wr>X. ffi?i*fXS&&%titbXU*5Z£1fi 

©^{fcKPl^fgirttf*^©^^^ S^jft^V 
[0058] *fc, &i«ffl;fc©|nj±£0Sfc&«:x>^ 

& -sfsrt #*iM£T (c «fc £tet&tt©i£T-?>*jias h c p 
ffis*ifln* niis-r sci **i5j#& <t * s . 

[HBB©BMifcBW8] 

[01] C©^W©-»g«»l*7n^^BJ0 o 
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i*o X* 
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CAP-ACA 



F 3G084 M01 BA13 BA15 CAOl DA09 

EA11 EB09 EC02 EC03 FA02 
FAIO FA13 FA17 FA20 FA22 
FA33 FA38 FA39 
3G301 HA02 3AOO 3A25 3A37 KAOl 
M418 MA23 NA08 NC02 NEll 
PAIOZ PB032 PB052 PB08Z 
PC05Z PEOIZ PE03Z PE05Z 
PE08Z PF032 



